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_ Abstract 

The relationship of aptitude, strategy, and cognitive tatek ^ performance 
IS explored through the use of mathematical models of performance time. 
Models 40f strategy and strategy-shifting on a spatial visualization task 
were tested indi vidual 1 y f or 3Q maie high school and college subjec.ts. 
For each of ihree sucjcessive task steps (enc?oding» construct i o'n » and 
comparison), different models applied far different subjects suggesting 
that different subjects used different strategies for solving the same 
items. Some of the best fitting models specified that subjects 
frequently and flexibly switched strategies during the task in keeping 
with variations in -item Tiemands. This was considered a form of 
ad^pi 1 ve » wi th in- task learning. Three alternative cases of aptrtude- 
strategy relationship were examined.. For the encoding and construction 
steps the most efficient s-trategy was restricted to subjects with a 
particular aptitude profile. For the comparison step, strategy 
selection appeared to be a more casual choice but aptitude 
differentially mediated performance depending on which strategy had been^ 
selected. The impor^tance Of strategy-shift models as a me^^ns for 
analyzing more precisely subjects* problejn solving processes and (^for 
representing the adaptive* flexible quality of intelligent per f ormance 
IS discussed. ' ' • . 
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Hodels of Strategy and Strategy-Shifting 
'Inv^patial Visualization Porformancp 

Current research on aptitude uses information processing models to- 
^denti^fy components of cogni tiv^ ' per f ormance . Using such models, 
individuals have been found to differ par ame t r i cal 1 y , that is, in the \ ^7 
. efficiency w,ith which particular performance components are executed 
(Chiang L Aijkins^on. Hunt, Frost, L Lunneborg, 1973; Snow, 

Marshalek, C Lohman, Note 1). It is, also possible, however, that 
individuals differ in the sequence or type of components they employ. 
Snow ( 1978)* profiosed three sources of individual differences in task 
performance beyond simple parametric differences: sequence differences, 

where subjects* differ in the order in which processing steps are ^l, ' • 

executed; route 'differences, where subjects differ in the steps that ' 
* are included; and summation or strategy differences, where the whole 
processing program adopted differs from subject to 'subject, or differs 
within a subject for different items within a task. Sternberg ('1977) 
offered a similar hypothesis u^ing other terminology. These sources 
have all been loosely reierre6 to as strategy differences, and there is 
now sofiie evidence itvat strategies affect performance* and relate .to 
aptitude dif'ferences (Cooper, 193D;"^ tlaxr^eocii, Uuot, L Mathews, 1978; 
Sternberg L Weil, 1980; Kyllooen, Lohman Snow^, Note 2). It is 
important, howeveY, for further research to distinguish among*^ Snow *s 
Tour source categories. In partic-ular, if subjects regularly, shift » 
strategies wi'thin a task, then the prevailing theory that assumes a 
constant information processing model across items is wrong. 

This investigation hypothesized two types of strategy-shifting ' I 
within a task; soquence-shif f io9 f \uhpre ^ub^f^cts vary the sequence in 
which different processing operat i ons ^ir e applied across items; •and 
roufe-shiffing, where subjects apply qualitatively different processing 
t5perations for different items'. Although potentially .involved in all 
types of cognitive tasks, strategy-shifting may be particul?ir ly 
important in performahce pn spatial vi^sual'i zat^Dn tasks, which have^long 
bed^ thought subject tc al ternati ve solution strategies (French, 1965; 
Lohman, Noter 3) . 

A further purpose here was to distinguish .three possible fypes of / 
aptitude-strategy relationships. In a Cose / relationship, strategy 
selection is limited by aptitude; use of a strategy requires particul'ar 
skills. Evitience for this possibility was obtained in a^study of 

, aptitude-strategy training interaction, whrre the training treatment 
appeari^d effective only if the subject's aptitude profile matched the 
strategy being trained (Kyi lonen, Lohman, C Snow, Note 2). Case I 
relationships have also been suggested in syVlog'istic reasoning (Egan t 
Grimes, Note 4) and cube comparison tasks (Carpenter C Just, Note 5) in 
5 which th'e more efficient strategies have tended, to be used by the more ^ 
able subjects. A Cose J I relationship between aptitude and strategic 
specifies -tbat strategy choice is unrelated to aptitude; once the /\ " 

-^decision is made -to use a particular/ strategy* however, a per^on^s 
ef f ec 1 1 ve^'ness in the*task is dependent on the aptitude called into play 
by the strategy*^. ^SternlJerg and Weil (1980) found evidence for a Case* II , 
rel a't ionship. Those us^ng a spatial strategy on linear syllogisms 
showed a relationship' between spatial but not verbal ability and 
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solution time* 
strategy showed 

and solution time^. 'A , si mi 



and those who spontaneously 's^lecte'd ^1 inguistic 
a relationship between verbal* but not spatial ability 
sr Case II re 1 at i or^shi p was found in a 
sentence-picture ver i f teat i on- ta^ (MacLeodi Hunti £ Mathews, 1978). A 
Case in relationship between apti-^ude and stra tegy comb i nes. Cases I an(;i 
41: Aptitude both restricts strategy selection and limits tlie effective 
use of the strategy selected. This possibility Y^diS not yet been 
demonstrated, but is expVi^citly tested J.ier& . \ 



This stuxiy reanalyzed data collected by LohmaVi (Note 6) as part of 
a dissertation on spatial ability. Lehman's original analyses assessed 
the relationship between speed of problem solving ojid difficulty lev^l 
of the problem Solved, but specific informatjon processing models were, 
not tested. His task was ideally suited for examining the alternative' 
processing models hypothesized here, hawevor, since subjects w.ere 
required to perform *a varij|ty of mental operations 
Further, Extensive aptitude 



information was availaH^le 



for 



visual forms, 
each subject. 



Subjects 



Method 



Subjects were 30 male Palo Alto high school and Stanford 
undergraduate students selected to represent a wide range o*f ability. 
Sujbjects h>ad previously been admi n i stered a large battery of /eference 
aptitude testes including measures of general cryst^^Hized (Go), geneV&l 
fluid (Gf), general visualization (Gv), closure speed (CS) perceptual 
speed (PS), visual mcmor/ (VM), andT memory span (MS), abilities. (See 
Snow. Lohman, Marshalek, Yalow, C Uebb, Note 7, for, details regarding 
the administration and analysis of the reference battery.) 



Composite aptitude scores w^j^ created for eadh subject by summing 
standardized (zero mean, uni t V?ir lance) individual test scores. Thus, 
Gc was a composite of the WAIS subtests Vocabulary, Inf orma*t,i on , 
Comprehension, ahd Similarities (Uechsler, 1955); Gf was. a composite of 
ti concept analogy test (Terman, 1950), p-rogressive matrices Craven, 
1962), Letter Series, (Frenci), Ekstrom, C Price, J963)^, and Necessary 
Arithmetic Operations (Fre'nch, etl^l . , 1963); 6v was a cjjmposite of 
Form Board, Paper Folding, Surface Developments and Hidden Figures 
(French, et al . , 1963); 0-S was a composite of two fjgure ges^Vt^ tests 
CFrench, et al., 1963; Harshman,-.^ 1974)# PS w«s a' composite of 
Oigit-Symbol •(Wechsler, 1955), Ntimber^ Comparison., and! Finding A 
.(French, et al . , 1^63); VM ' uas a ( compos i te ^of r^ory for Designs 
(Graham C Kendal 1 , 1948) and V-i sua 1 -Number Span (l^iochsler, 19^5); nnd 
MS was a composite of forward and backward digit span (Uechs)'or,' 0955). 
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Task 



I. 



The task consisted of' 216j items djesigned to/ ^measui^ spatial 
visualization -ab-ility. A typica-J " item proceeded a^^foll^^. First, 
during an oncodii^ step > subjects were presentee! with a itij^e- to eight- 
sided' figure, refesrred to as the A figure. Next, during a construct ton 
step, subjects were \presented with one or .two other figures* referred ,ta 
as. the* 5' and C fig\i>«3, w'hich they were to combine mentally with the A 
figure. They did thiss by imagining the figure that wogl(J.be forme^P i f^ 
the A figure were adjoine'd either to the left' or the nglit side of the S- 

' figure (depending on ,individual item instructions)* and if the AjS 
composite figure, were similarly actap.jXed to tlie C figure. Finally* 
during cfonpar i son ^s\ep , subjects were^resented with a test prbbe arjd 

're^quired to indicate -whe'ther the^ima^e formed during the encoding and 
construction ^teps tJas the same as or different froln the test probe. 
Fl'gure 1 ^depicts this sequence of presented steps, (A four'th step, 
rotation, occurred between construction and comparison for two thirds of 
tfe^ items ara required subdects to rotate their mental imago 90 or 1$0 
degrees. The rotation step is ignore^d in the present analysis, 
however . ) ^ 

fnsert Figure 1 about^here 



Subjects CO n,t rolled -presentation of item 
rfortned in' the same ^order 'for each it 
^rmitted. Response time for each step and 
comparison step were recorded by. the experimenter. 



teps. Steps were 
turning back was not 
correctness at the 



Desi gn 



There .were three major item facets. First* three levels of the 
-construction facet' corresponded to the number of figures to be combined 
with the A figure: zero, one* or two. Second* there were two types of 
figure combination duruig^construction : combination from the left side 
of the B and C figures ar>a combination fr^m the right side. (The^ side 
to be used^wr.s indicatep by a plus sign appearing either to the left or 
the right of the B and \c figures; Figure 1 shows an example of 
combination Trom the left.) Third, for half the vtems the test probe was 
the same as the constructed image and for half it was different. Figure 
compl exity, defined* by the number of sides* was bal anced across these 
three facets, as was product image complexity (i.e. the number of sides 
in the figure formed by combining the A, 5, and C figures). 

Subjects were administered the 216 items in four blocks of* '54 and 
paid $3.00 per hour for participating. They were allowed as much time 
as they needed to^mplete a step but#were encouraged to work as quick%ly 
as possible. Item^were presented in random order. For further details 
on the procedure, see Lohman (Note 6). 
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A Figurey 



B & C Figures 



"test Probe 



Figure /. Depiction pf sequence of task sj.eps for typical item. 
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hodel Testing 



tested separately for 
item times were fit* -for 



V>irious information processing models were 
each subject and each* step. For encoding aj 1 
construction only correct items -were fit, and for comparison only 
correct items of the 72 that did'no't include a rotation step were fit. 
Modeling techniques were simi^lar to the componential analysis procedures 
described by SteVnberg '^11^, wi tk extensions' to allow for strategy- 
shifting. In componential ^analysTs, the s^nvesti gator constructs, 
flowcharts vndicating possible sequences of m^tal events occurring in 
subjects performing* a task. Each box in a flowchart represents a time 
consuming mental .operation, A ma themati.cal model of the flowchart 
s^a^quance. is e;Xpressed as a multiple regression equation in which 
performance time is the dependent variable, each term corresponding to a 
flowchart box is an 'independent variable, and ^ either the number (for 
discrete variables) or ^the amount (for continuous variables)' of 
operation execufions is the valuQ^of'the independent variable.' 



A 



A sequence-shitting model speci>fie^ that the subject applies the 
same • mental operations duri,ng all items in>the task but vanes either 
the sequence in which the elements within the^ item are derated upon 
(elements^ in this task were defined as the individual figures) or the 
sequence in uhich the operations themselves are applied. Route-shifting 
is a s^eco'nd type of strategy-shift model which specifies that subjects 
^call upon one set of cogn>tive op^erations for some items and a partially 
or wholly different set for other ^tems. (See Appendix A for details on 
strategy-shift models ^nd the mechanics of testing them). 



Rcsiilts 



for each of 
quest i oris . 



the three task steps. 
F 1 rst, . do . d i f f erent 
Second, 



Results are presented separately 
In each case, we address^'d tieo 

strategies result in faster or more error fr^e performances? 
does aptitude af feet ' strategy selection, oP does it appear to mediate 
performance within a strategy group, or ^th? 
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Three consistent strategy models and a^ route-shifting model were 
tested for the encoding step. The .models were similar in assuming that 
performance time during encoding \s related to tKe form in which the A 
figure is represented for storage, but different in specifying how the 
figure is represented*. Storage is asssumed to be- a process in which a 
<^ntal representatioh of the A figure is constructed and stored in long- 
term memory so as to be resistant * to interference from stimuli i« 
subsequent stepfe. Though this assumption was not tested here, in a 
similar study involving spatial , visual i2ation (a f i gure / anal oqy task), 
subjects did apparently commit figures to long-term memory as Indicated, 
since they were highly accurate >n. figure recall on a delayed test even 



^hough 

Lohmaa> 
t 



they were not 
£ Snow, * Note 8) 



instructed to remember the figures (Betf»oll-FoX; 
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Model E-*-! specifier! a feature-analytic s^^rategy in which the figure 
♦is analyzed and stored as*a set.of^basic features. Th^ typ^ of ruodel 
of form memory* has been used in previous research (Attneave, 1957) and 
"accounts *for the fact >that more compfex figure's require longer study 
tiiftes. Complexity is* usuaj-ly defined a's the number of sides in a 
randomly, constructed .figure, Ihe figure^ used hore were not randomly 
constructed* however, so variables in addition to number of sides- were 
needed to accountx for- figure 'complexity; these were the number of 
different side J eng ths/ the ^nXimber of different angle si^es, and *tl>e 
number of irregular side orientations* (not counting horizontjil and 
vertical orientations). Number of sides ^nd; the three additional 
vari-aWes* together accounted ior S7/i of the v^iance ir> rated complexity 
^of the .encoding step figures/ (Half the 216 fvgures were rated for 
complexity by, six independent judges.) The regressi'on equatiop that 
predicted the standardized ratiiTgs was' 



C = 



83 
OS 
25 
64 
07 



(square root of^umber of sid^s) 

(number of independent iside lengths) 

(number of ^dependent angles) 

(number of irregular orientations) 

(number of irregular orientations X number of sides) 



where C is 
compl exi ty 
variables adcoun 
take advantage of 



the sum ,of 
ratings. ^ 



the 



the ^standardized (iero mean, -unit variance) 
information processing terms, the additional 
(le Tact rhat during encoding subjects notice and 
redundancy in figures to reduce processing time. 



'In additiionlo the standard feaiijre-analytip model two complexity- 
reduction modelst^or 'remembering a figure iiere tested. Model E-II 
specified a f tgure-decomposi t^n strate^gy^in which a\sub3cct is assumed 
to imagjne the figure/ broken into basic units' such as triangles and 
rectangles. The figure is then repres,ented intorhally as, for example, 
an image Of a triangle on top of a square. This strategy requires the\^ 
the subject overcome^th^ natural figure 'gestalt and impose imaginary 
lines, , That is, the subject "reads" something into the figure to- ♦reduce 
subsequent memory burden. The decomposition model predicts that 
encoding time is a function of the number of basic units^ak i ng^bp tliQ 
figure and the complexity of those units. It wasjiU^Ksl^ry to ret^iq' 
the complejcity variables in this model ^^^^^^ J'^^KF ^i9ures could^p 
decomposed into equal ly complex units. The rj^^Bion of complexity 
variables allowed for the reasonable pred v^Jr^^that an image of an 
equilateral triangle on top of a square, for eAniple, -would tzik^ less 
time ' to encode than an image of an isosceles triangle on top, of a 
rectangle. In both cases th# figure breaks into two units, but the 
units are mor*e complex in the latter case, and are thus predicted to 
take more time to prrf?l?4's. 



Model E-III was a second compl exi ty-reduct ion model specifying a 
verbai-label ing strategy. Subjects using this strategy reduce memqry 
burden by applyiVig a verbal label that describes tl\e figure as a whole> 
and then remembering the label. Encoding time is assumed to be a 
-+orrd-tion of- the difficulty of creating a label that adequately describes 
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the figuTeSj'^o determine a figure's "1 abe ) ab i 1 i ty » " s i x independent 
jU'dges rated howVdif f icu) t it was. to think of an adequate verbal Inbel 
, ^ for each, figure. (Although a figure*% labelability is related to its 
'compl^PltyF the two character istrps are not identical. Only S5% of the 
varriance in labelability was accounted for. by the objective figure 
|||>character fst ic's that accountC(d^ for 67% of tlie ' var i ance in rated 
complexity.) ' / ^ ♦ 

Finally/ a fourth model represented the strategy of shifting 
between the two compl exi ty-reductij^n strategics^ Tabeling some figures 
and decomposing others. To determine which figured were labejed and 
which decomposed^ we compared subjective ratings of the ease of 
decomposition with ratings of the ease of labefing. A 50-50 shift model 
specified that .figures for which labeling is easier than decomposition 
are remembered Uith a labeling strategy and the rest are remeniberc^d with 
a decomposition strategy. We also tested two 75-25 models^in which a 
subject IS assumed to be predisposed toward either labeling or 
decomposing. All the shift models for encoding were route-shi f tintj 
mode]s^ since the variables that predicted encod i ng t ime were^not the 
same for all items but dep.ended on which strategic "r^ute" was selected. 

Results for Encoding 

In generals the results supported the validity of the* models and 
1 e*d to insights into the relationship between aptitude and strategy. No 
subject w^s fit perfectly by any niodel , but a comparison of model fits 
allowed reasonable judgments about which strategy each subject used. 
(See Appendix Table BU for actual values for all models; and for 
a summary o*f mofl*fel predictors^ Table B4.) 

Figure 2 shows'" overal 1 errors and encoding' t imes and identifies the 
best litting model f>or each subject. There 1r. an indicTation that speed- 
accuracy tradeof r^A^af related to .the strategy subjects used for 
Encoding. Subjects best fit by the f ea tur e'-ilnal y 1 1 c model committed few 
errors but spent a long time encoding. Appareflitly, the feature-analytic 
strategy led to good regjgH^tat ions of the figure and tiierefofe 



rescPl t-ed in comparat i vel y ^™|^^rrors . However , this strategy .was 
costly* especially with coin]^^^ f i gures;^ with no complexity-reduction 
soheme applied* the, sheer number of features to remember led to long 
e/ncoding times. 



Insert Figure 2 about here 



Thfe two complexity-reduction strategies* la{)eling and 
decomposition* resulted in significantly shorter encoding times than the 
feature-analytic strategy. 'However, the two strategies differed with 
respect to error. Subjects best fit by the decomposition model appeared 
to engage in an optimal speed-accuracy tradeoff. They comnitted few 

'errors and encoded quickly. Subjects best f.i t by a fabeling model 
generally encoded quickly but made many errors. Applying a verbal Ir.bel 

•OS apparently a quick way of remembering a figure* oven a complex one. 
But use of the labeling strategy is perhaps likely to resu'Tt in an 
inadequate representation of the, /I figure and therefx)re increases the 
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FigurQ 2. Encoding , time vs.* overall correctness (216 items^; 
combined symbols indicate more tlfan one best fitting model )^ 
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chances of error. No one'was best fit by 'the 100%- labeling model. 
Those so identified ifi Figure 2 labeled at least 50% of the time as 
determined by the strategy-shift models* / 

t 

Thus, decomposi t ion appecfrs 'to be the^'most efficient strategy for 
encoding. Why then did most subjects fail, to use it? We examined the 
hyp'othesis that aptitude restricts strategy choice (a. Case * I 
relationship) byN:omparing the aptitude profiles of members of .the three 
strategy groups. We als6 exanined the h^othesis^hat certain aptitudes 
affect perf omran^e Ml tbm a strategy group (a Case II relationship) by 
..correlating cbr refc tnVs^score^^nd encoding times with the aptitude 
me^^res separately for members of each strategy group. ^ The results 
indicatTS^a Case I It' re.l at lonship between apt*itude and strategy for 
encoding. "^At^itude appeared both to restrict strategy choice and to 
determine pe|^orm^>ce success wi thin a strategy group. 

Figure 3 shows that subjects who used the decomposition strategy 
were generally higher in apfitude than those in the other two strategy 
groups, but the dt'fference h^s greatest on closure speed (CS) and 
spatial visualization (Gv) aptiti^de measures. The superiority in 
spatial V 1 syal 1 z^at 1 on ability is not surprising, but why were the 
decomposers so much higherv t\an others on closure speed? Perhaps 
because closure speed represents the ability to impose a certain type of 
structure on forns--to "read in" parts of incomplete figures to make 
them who-le. ^i mi.l ar 1 y , * decompos 1 1 1 on, i s a strategy that requires one to 
•impose a certain kind of stucture on* the figure--to imagine lines that 
break the whole into parts. We* mi^jht speculate that the feature- 
analyzers would have used tJie ^more efficient decoii\posi 1 1 on strategy had 
they been better equipped with^he skills represeiitjbd. by CS, as well as 
those represented by Gv. In any event, the choice of the decomposition 
strategy appeared to be restricted by aptitude. 



Insert>f igure 3 about here 



Table 1 shows that for each strategy group correctness was related 
most highly to spatial visualization (1>v) abilitj/. More interestingly, 
for those who selected J,^(f* feature-analytic strategy, performance 
.depended also on memory span (MS), presumably because the feature- 
analytic strategy pfaced a severe burden^on memory. The labeling 
strategy tioOld presumably 'demand, verbal ability more than spatial 
ability, but 'the- results do not support this expectation. With 
re4atively few subjects in the labeling strategy group, and t1ie 
possibility that ^11 were sufficiently skilled verbally to usex th^ 
strategy, it is possible that the data ar^ insufficient to test this 
hypothesis adequately. ^ ^ 



Insert Table 1 about here 



Finally, strategy-shifting occurred with experience on the task. 
The various- encoding models were tost.ed separately for the four blocks 
pf 54 items, It appeared that subjects started out, in Block 1, by 
appening upon an encoding strategy; for 17 subjects this was tl^e 
feature-analytic strategy. By Block 4, however, the feature-analytic 
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a Aptitudes are composite scores (see text). 

b I teflPofirrectnesJ^ is expressed as a percentage of 216 it^ms; 
encTodiny timesVare expressed in seconds. ' 

^ c Four sub^^cts were fit equally^ t/ell by two mgdels: They are 
'^incliJded in both groups for cal cul ati^ons. 

* * p < .05., * ' 
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strategy had been abandoned by ali but /^ive subjects. Others had 
changed to compl ex i ty-reduation either by ma^nS of the labeling (total n 
for this group was thus 8) or the decowposi tion strategy (total n for 
this group was thus 17). Further^ between Blocks 1 and 4 no one shifted 

the complexity-reduction strategies to the feature- 
ThuSf it appears that sub'jects^ disc'o veered 
with experience .on* the task. * Because subjects 
task by casually happening upon a strategy, there 
between aptitude and encoding strategy during Block 
1. By Block A, however, the relationship between aptitude and*' strategy 
choice was consistent with the results fol the overall fits. Thus» by 
Block A, it appeared that subjects had assembled a strategy suited to 
t^ieir aptitude profile. ' , 

I 



away f rojn e i ther of 
analytic strategy, 
complexi ty~ reduction 
ap^parently began the 
w^s no rel ationship 



hod&ls for Consirucf ion * 

Two groups of models were tested for the construction step. One 
group specified use of a consistent strategy and the other group 
specified sequence-shifting. All models assume) that subjects perform 
the same cognitive operations for each item. These are: ^f^s^rieving the 
A figure, synftesizing the construction step figures* and Coring ti"ie^ 
Resultant product image. The ^codels differ from one another in 
specifying ,the sequence in which the synthesis and storage processes are 
applied to the figures and in specifying the form in which the figures 
are rej>resented in memory; figures can be represented 'separately or in 
v^aiiiAi& combinations. 



During the construction step, we assume that subjects use a 
■^feature-analytic strategy for storing images regardless of the way the 
figures a^e combined lor storage. This assumption may appear curious 
given the earlier demonstration that a majority of subjects did not Use 
the f eaturje-analytic strategy for storage during encoding. ^Construction 
IS unlike encoding in that what is stored ^s nob directly available, but 
most undergo some transformation (the synthesis pTrye-css) before it is in 
a form ready for storage. The temporary product of the synthesis 
process, which might be thought of as a ten t at i ve n»age , is stored cnly 
. in short- teem memory. In encoding, it As not necessary to hold a 
tentative fmage ir^^hor t-term memory 'since th'e figure is cW<*ilable in 
' front of the subject aTl timep'during the step. Thus,^j^^r encoding, 
Che subject has short-term memory capacity available for^ appling various 
transformations on^^the A figure, such as the transf orirat i ons that r.re 
implicitly called for by ,the decomposition and ^ labeling strategies. 
^During construction, however, much short'-term capacity is presumably 
usurped >y the tentative j>mage'. Thus, strategies .that^ require 
additional transformations, such as decomposition and labeling, are not 
availabsj^^o subjects during the construction step, and/ only feature- 
analytic storage, which does not assume an additional transformation of 
the image, is possible during construction. ^ ^ • 
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• Model C-I specified a consistont-^aynthosis strategy in wh-j^h the A* 
By and, C figures are always synthesized ir)to a single unit ap^t^'^stored as 
a unit in memory. Construction and storage time for this model is 
predicted by the feature aomplexity of the adjoining sides (during 
synthesis, subjects '*dissolve*\ the features' of the adjoining surfaces of 
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the to-be-synthesized figures sequentially) and the feature complexity 
of the product image. ' , " ' 

Model. C~II specified a consisfent^no-^synthesis strategy in which 
'the figures ^presented in the construction step ane n^ver synthesized, 
but are instead stored as separate ur^its in memory. For this njodel, 
construction time is predicted by the figure complexity of the separate 
units (i.e. the sum of the cqmplexlty values of* the A, 5, and C 
figures). * * * ^ 

In addition to the consistent strategy models, four sequence-shift 
models were tested.. Each specified that subjects combine the A, 8, and' 
C figures in different ways depending on the form and complexity of the 
item, and each consisted of two steps.' The first step is an evaluation 
process in whi^h the subject first imagines the figures combined in sone 
way and then decides uhether'to store the figures in this (|ombination or 
asr^separate units. For some of 'the models the evaluation step is 
performed once; for other models there are multiple evaluations. The 
second step is the storage process in which subjects construct a mental 
representation of the A, 5, and C figures. 

Model C-III represented* a f orword-sf&pping synthesis strategy. 
Subjects first attempt to^ synthesrze the A and 5 figures into an A3 
product image . Next, subjects evaluate the complexity of the AS image. 
(In these models we arbitrarily defir^ed images with five or fe^er sides 
as simple and those with six or more sides as complex. Roughly h^\J Htte^ 
images in the task were thus considered s'lmple and half complex\) If, 
during this evaluation the subject determines that the AB image is too 
complex to store as a unit, then the At B, and C figures of the item are 
stored separai?fely, as they are in Model. C-II, If, cm the oV'ter hand, 
the AB image is determined to be simple enough, then the subject 
attempts to synthesize the C figure Mi,th the * AB image ij^^o an ABC 
product image. In this ca'^e a Second evaluation occurs in which the 
subject determines whether this ABC unit is simple or complex. If it is 
determined to 6e jgrtmple then the ABC image is stored as a single unit 
(^s la/Model C-I). If it is determined to be complex, then the AB image 
IS stored separ^ately from the C image. That is, two ^i st inci{ uni ts# an 
AB ujt j t and a C unit>' are ref>reser\ted in memory. 

Model C-IH, processing time during the evalu<ition step(s). is 
, predicted, by the complexity of the^ adjoining surfaces of the 'syn thesi zed 
figures (though we assume that an/ two figures are synthes v^^?d onl y l5nce 
during an item) and the number o.f complexity eval uat iolj^s. f or thp item. 
Processing time "during the stor^jige step is predicted by 'the compleo<ity 
of the final representation, determined by' summing the complexity values 
for each unit stored. • 

Model C-IV represented- a bocjcmord-'sfej^ing synih^sis » strategy 
similar to the forward-stepping strategy (except that the subjec^ is 
assumed tx> begin the construction procedure by first, attempting to 
syntl^e4ize the B and C figures Intp a BC product image, rathef 'than by 
synthesizi*ng the A and B figures. ♦ In all 'other respects this mcdel is 
parallel to j^the foruard stepping model. Our hypothesis was that the 
backward-stepping strategy would be used only by those whose memory of 
the A figure was interfe^^e? with by the presentation of the* 5 and C 
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the subject would be 
/and perhaps gue^s 
instructed to 



forced 
about 
synthesize 



to try to synthesize 
the form of the A 
in forward order* 



If 



the B 
f i^ure . 
so the 



backward-stepping strategy represents a deviation from instructions. 

Model C~V represented'a simu I fanQous-synthesis str'ategy. Subjects 
first synthesize the A, B, and C figures into an ABC product image/ then 

'evaluate thi.s image for its complexity. If the image is simple; then it 
le stored as an ABC unit? if the image is considered too complex to^ 
store as a unit/ then the individual yf igures are stored separately. The 
predictors are the same as for model C~I; but the com^)lexity values are 
different;^ since for some items the figures are assumed to be stored as 
separate units and for others a siqJSe ABC product image unit is stored/ 
A variation of this model specified that the simultaneous-synthesis 
strategy is applied only when figures are added irim the left side. For 
items in which figures are added ^from the right side* a processing 
sequence identical to that for Model C-III (forward-stepping) is 
attempted. In the analysis, both these • vari ants of Model C~V were 

* considered together. 



inally» 'Model C"VI represented a strategy of simu i faneouS'' 
synfhe5is'-a;ifh''recovery . .Subjects begin by synthesizing the At B, 'and C 
figuresMnto an ABC product image. If the image is considered, simple it 
IS stored as a single unit. If the image is considered * too comp«l eX; 
then the subject evaluates the AB part of the image. This is the 
"recovery" aspect of the strategy. Before deciding to store theMigure^ 
sepamtely the* subject first tries to determine if a section (in this 
case; the AB section) of the ABC image can be stored as a single unit 
rather tharyes two separate units. It the section is considered too 
complex* xxhen the figures are stored separately; but if the section is 
considered simpl e; then -two units are stored; an AB unit and a C unit. 
A variation of 'this model specified that if the AB unit is considered 
, too comprsex during thq second Evaluation .then the BC section of the ABC 
product ireage is evaluated and stored as u^al . The predictors f^i^^^oth 
these mod^s are the complexity of the adjoining surfaces; the number of 
cpmplexity evaluations* and the complexity of the final representation. 
^Tor the analysis* these two models were considered in the same category." 
The' simultaneous-recovery strategy (C"VI) is the nr»^t demanding of the 
construction step strategies because the subject must combine and 
recpmbi ne f i gures and perform more *comp lexity evaluations (on average ) 
than are required by the other strategies. The subject is presumed to 
' do thi"S to ensure t#?© most efficient refpresentation of the item figures. 



Resuif^ for Construcf ion 

As with encoding; no one was perfectjy fit by any of the 'models, 
i Judgments regarding best ^it were clear except in one case where two 
models fit equally well. Some other subjects were fit equally well by 
essentially equivalent models (e.g.* the two variants of C-V,^. (See 
Appendix B, Table B2* for values; Table B4 for a summary of 

predictors. ) ^ ^ 
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Figure A shous the relationship betueen speed> accuracy> and 
strategy selected. As* uith encoding/ a '"tradeoff betueen speed and 
accuracy appeared. Those who selected .the simultaneous-recovery 
strategy generally committed the fewest errors but took the longest 
during the construction step. The'two subjects most susceptible to th^e 
interference effect (as indicated by the fact that they used the 
backward-stepping strateg/) were two of the poorest performers. Both 
the consistent-synthesis and the simultaneous-synthesis strategy groups* 
performed reasonably quickly but committed a' comparatively high 
percentage of errors.. ^ 



Insert Figure A about here 



The subjects who demonstrated the greatest facility for flexible 
adaptation to problem demands* as represented By model C-VI# showed the 
fewest errors, on average. Figure 5 shows that these subjects werp 
higher than subjects in the other strategy groups on all aptitude 
measures. Thus* aptitude may have been a restricting factor in s.trategy 
selection for construction. Figure 5 also shows an interesting aptitude 
profile difference between^ the consistent-synthesis group and the 
simultaneous-no-recovery group. The latter group was higher in five of 
the seven aptitudes, but the former group was higher in spatial 
visualization (6v) and visual memory (Vh) abilities. The two groups 
performed* equal 1 y well on average (see Figure 4) but, apparent 1 y reached 
their performance level via different routes. Those with superior 
spatial^ visual ization and visual memory aptitude were always able to* 
synthesize all the figures .jn a problem, while those who wqre 
comparatively deficient in these visual skills had to employ a^ slightly 
more cctfjplioated shift strategy of synthesizing, Evaluating* and 
,deciding iTow to store the figures. Finally* Figure 5 shows that the two 
subjects fi't by the backward-stepiiing strategy had extremely Iqx spatial 
visualization and visual memory aptitude. This suggests that these 
subjects were forced to use the backward-stepping strategy because they 
did not have the visual skills needed to remember the A figure once it 

had disappeared from the screen. ^ 

jt ^j^. 

Insert Figure 5 about here 



Table 2 sjiows that within both the simultaneous strategy groups 

(with or Uithout recovery)* memoNjy span (MS) and spatial visualization 

(Gv) aptitude vere the best predictors of correctness. The other- two 

strategy groups were too small to compute stable correlations. 



Insert Table 2 about here^ 
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gure 4. Construction time vs. correctness for items that 
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than one best fitting model). 
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Fsigure 5. Aptitude profiles for subjects In various construction 
strategy grpups (see text for aptitude composite, descriptions). 
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Table 2 



Aptitude PerformoncQ Corr&f dtions Uithin' Strategy Group 
for the CoQ^truct ion Subtask 



4. 

Modfel Description 


^ Apt! tude ^ 

. ' b 

6c Gf /Gv Cs PS VM MS H 




0 *Item Correctness 



overall ' . I 49* 54* 76* 13* 39* 60* 53 76.20 9.87 30 

C-I • consistent-synthesis — — — ^ — . — ^ — — 75.69^^.11 4 

C-IVa backward-stepping — *— — — — — — 58.68. 9.33 2 

C-V simultaneous-no-r^covery 35 51 54 01 32 34 ^ 64* 71 . 18 > 8. 2:^ 10 

C-vr simultaneous-recovery 07 29 53* 12 28 19^ 52* 8U 02 8.58 15 

y 1 

Construction Time 

overall , 38* 35* 14 -21 29 34 36* '8.28 3.21 30 

C-I consistent-syrtthesis — — — — — — 6.83 3.42^ 4 

C-IVa backward-stepping — — — — — — ' — 8.35* 6.58 2 

C-V simultaneous-no-recovery 33 08 -11 -38 -09 23 46 7,07 3.56 10 

C-VI simultaneous-recovery -06 22 29 05 40 36 55* 9.27 2.-37 15 



^ote. Decimals in correlation ^coefficients omi-tted; some 
coefficients are missing because group size was too small, 

a Aptitudes are composite scores (see text). ' 

b Item correctness is expressed a percentage of 144 items; 
construction times are expressed in seconds. 

c One subject was fit equally well by two models and was 
included in both groups for calculations, ^ . *^ 
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ttodels for Comparison 

Three basic models for comparison were test^. All models assumed 
that subjects compare parts of the test^ probe. wi th corresponding parts 
of their internal image. This comparison process^ is assumed to be 
sequential and exhaustive. That is# subjects compare all features or 
units* in> sequence, regardless af any mismatches that occur during the * 
comparison proc£dure. The models differ in speci,fying the size of the 
part that subjects compare sequen.t ial 1 y . . ' 

Model M-I specified a feafur^-comporisoo strategy in which subjects 
compare, in sequence, each feature of the test probe with 'the 

^corresponding feature of the mental Jmage. Comparison time is predicted 
by the total number of features in the test probe (weighted as before t^ 

'account for differences in the complexity of various featu/*e^s). .A • 
variant on this model includes' a quick-reject option. Subjects using 
'the quick-reject strategy first conduct a quick scan of the* test probe, 
to • determine * .1 ^ it is radically different from their ment-al image. If 
1^ is, then the subject quickly responds wi th *'the^ "di f f er<?'nce'* response, 
otherwise the subject more carefully compares the featA^s, in^qucnce, 
before responding. (We decided arbitrarily that figures were Jradically 
different if _ more than six cor^responding sides of the figures and .the 
image tfid not overlap.). ' , j 

Model M-II specified n strategy in which subjects compare larger 
units than features^. There were two types of * unif-conparison 
strategies. One ^pecjfied that subjects compare, in sequence, the A, B, 
and C images to i^e corresponding parts of the test probe (the features 
within the units ar? assumed to be comparecj in parallel^. Note that 
this model assumes that regardless of how the' image was represented for 
storage during the construction step, the subject retains a memory of 
the- individual figures thatl were presented. ; The form of the 
ref>resentation from construction may be thought of^ as serving as a 
retrieval device for recalling the actual .data, " the 'individual A, B, and 
C figilres which are then used ;n the comparison process. A variant of 
this model specified that the units are not the indivi^lual figures that 
were actually prese'nted, but rather, ,^the units as.xepresented in memory 
from the previous task* steps! That is, i-f the**'sub jec t synthesized the 
4, B, and C figures into afi ABC product image during construction, then 
the- jconipanson test probe would ,be compared singly n^ith the one ABC 
unit. If the subject represented the A, B and (k figures as separate 
units during con.struct ion, then the^three corre*^sponding parts of the 
test probe would be compared; one-at-a-t ime, to the three- stored units. 

/ Finally, Model M-III specified <i^feQfure-unif-shiff strategy. If, 

^ — tluring construction, the figur^es were stored as a single product imago, 
then the subject would, employ a feature-comparison strategy identical to 
that specified by Model M-I, but if separat^^ units were stored during 
construction, then the-subject would compare those units as in Model M- , 
II. The rationale for thi s ' mod€Ll_ j s that a completely synthesized' 
figure allows for what we assume to be the more accurate . compnris^i 
me1;hod--f eature-comparison--whereas a not-synthesizcd figure makes thV 
feature-comparison metlvod more difficult* thu.s inviting, the use of a 
uni t-companson method. . * ^ 

on 
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Resuifs for Comparison 

In general* the model fits f.or comparison were lower than those for 
the other two steps (see 'Appendix B, Table B3)» probably because the 
comparison times were so much shorter than the tjm^s for , the other 
-^steiJS. In further contrast to encoding and construction* there was no 
clear^best stra*tegy# since Viere were no signif icantv^if ferences between 
correctness scores for the three strategy groups, jkble 3 suggests that 
those in the f eature-comparison group committed more errors and 
performed more quiakly than tho'se in the other two groups* but these 
differences were not significant. The fast average response time for 
the feature-comparers was due primarily to those who used the quick- 
reject strategy, as Figure 6 shows. - 



Insert Figure 6 about here . 



Insert Table 3 about here 



Figure 7 shows that ' apti tude profiles for the three strategy groups 
were similar, except that those who used the feature-unit-shift strategy 
-were higher in closure speed (CS). Table 3 yields an interesting 
pattern of correlations within strategy grouj^s. For those fit by the 
feature-comparison strategy, speed of comparison was highly related to 
closure speed (CS)# spatial visualization CGv), and visual memory (VM) 
aptitudes, while for those in the other two groups, comparison speed , was 
not highly related to these^ apti tudes . App^irently^ selection erf the 
f eature-com^€W^son strategy 'brings in "a 'greater dependence on visual and 
spatial skills,"- which is^M say that high ability subjects are able to 
compare features m(?(S)[^TapidliV than low ability subjects, while selection 
of the -Unit-comparison strategies* reduces* this dependence anxJ gives no 
advantage in speed lor high ability subjects. 'This pattern suggests the 
Case II relattonship between -aptitude and strategy for comparison; 
selection of strategy is not strongly -related to aptitude but 
performance speed in different strategies depends on different 
apti tildes. ^ 

Insert Figure 7 about here 



Discussion ^ M - , 

The tliree majoV findings from this study concern the relationship 
"between aptitude aJid strategy* the import'ance oJ^ strategy-shifting b|r 
subjects, ^nd the nature of aptitude ft)r spatj^l visual i'zation. 

Firs,t/ we /found evidence for ^wrious types of relationships between 
aptitude and Istrategy ^ f 6r the different task steps.. For encoding and 
construction, q ^^se IVt relationship was indicated; strategy selection 
* appa^rs to, be' restricted^ by aptitutle 'and, in addition* performance 
*ef f iciency ,wi thin a strategy group depends on the aptitudes called into 
play by the particular strategy selected.^ For these task steps, the 
most efficient strategy was used only by those who brought to the task 
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Figure &. Comparison time vs. correctness for items that did not 
include a rotation ste^.(72 jtems; combined symbols indicate more. than 
one best fitting model 
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Aptitude P^tforaance Correlations Uithin Strategy Group 





a 

Apti tude 












Model Description 


Gc Gf 6v Cs PS 


vn 


MS 


b 

n 


SD' 


c 

.W 


Item Correctness 


overall 


43» 54» 65» 26 36» 


36» 


40 


83.10 


6.43 


30 


M-I feature-comparison 


73» 1-8 54 43 -32 


64 


59 


81.75 


5.81 


7 


M-I I unl t-comparison 


48» 68» 70» 19 39 


65 


38» 


83.85 . 


6.37 


16 


M-III feature-unit-comparison 40 45 78* 23 -59* 


07 


52* 


83.21^^ 


7.72 


11 




Comparison Time 












overal 1 


-10 -03 -39»-25 02 - 


35*- 


■10 


1 .44 


.35 


30 


M-I f eature-compari son 


,-01 18 -65 -80*' 14 - 


65 - 


■02 


1.41 


.62 


7 


Vl-Il uni t-comf)arison 


-19 -20 -34 -07 -06 - 


37 - 


■37 


J. 45 


.25 


16 


M-III f eature-um t-comparlson -44 -37 -26' 04 -33 - 


22 - 


06 


1.44 


. 19 


11 



dote. Decimals in correlation coefficients omitted, 
a Aptitudes are composite scores (see textj 
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b Item correctness is expre'ssed as a percdfffage of 72 items; 
Comparison times are expressed in*seconds. 




c One subject Mas fit equally well- J^y^wo models and Mas 
inc'luded in both groups |^r cal cul ati on^"""^^ 

* p < ,05. 
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Figure 7,\ Aptitude profiles ^o\^ subjects In various comparison 
strategy groups (see text for aptitude cdmposite descriptions). 
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* 

^the jipt 1 tudes required to use the strategy. The most .efficient approach 
to encoding was the figure-decomposition strategy* and it uas used only 
by ihose who came equipped with 'the necessary closure speed and spatial 
visualization skills. The most efficient handling of construction was 
the' simul taneous-synthesis-wi th-recovery strategy^ which consisted of 
continually evaluating the complexity of various combinations of figures 
to construct the molt efficient internal representation. This strategy* 
which calls for flexible adaptation to item demands* was used only by 
high abi 1 i ty " sub jects» especi al 1 y ^those high in spatial visualization 
and visua-1 memory. 

In two of the .task steps* it also appeared that aptitude played a 
role in. determining performance efficiency within strategy groups. In 
encoding; per f ormance within the^ decomposi tion and feature-ahal)Tic 
strategy groups depended most highly on' the individual's level of 
general ability. ^^>tJdi tional ly» within the feature-analytic group* 
memory span and vi sual memory came into play* probably because this 
strategy demands that large numbers of features be stored in memory. In 
construction* performance within any of the strategy groups appeared to 
be highly dependent on spatial visualization ability and memory span. 

A Case II relationship between aptitude and strategy was 
demonstrated for the comparison step. Strategy selection appears not to 
depend on aptitude* .but the relationship between aptitude and 
performance is determined by wF^ich strategy is selected. * For subjects 
who selected the feature-comparison strategy *speed of comparison was 
related to level of closure speed and spatiaT visual ization; that is, 
higher aptitude subjects were able to compare features more quickly. 
Among subjects who selected a strategy that involved comparing larger 
units* speed of comparison was not as dependent on these aptitudes. 

The second major result of this study shows the importance of 
Jst rategy-shi f ting models. Me tested and found evidence for two types of 
strategy-shifting* route-shj f ting and sequence^shi f ting . These shift 
models proved to be useful for both methodological and substantive 
reasons. Such models help in explaining variance in problem solving 
processes at least on the task used in this study. Thus, strategy-shift 
mX)cJels represent an important addition to the collection of modeling 
techniques for cognitive tasks* especially for tasks that may.be 
susceptibl e to alternative solution strategies. Substantively* 
"Strategy-shift models indicate that aptitude constructs must include the 
ability to shift strategies. This may be an important aspect of 
intelligence* long included in definitions <see Snow* 197S) but not 
before demonstrated directly. Strateg.y-sbifting may repre^sent the 
process of flexibly adapting to problems to maximize performance. ^ Some 
new and important differences between those who are able to adapt to 
problem demands and those who are not n^ay be captured in such models. 

Finally^ the models developed and tested here include components 
that should be found also in performance on other spatfal visualization 
tasks. A fairly small number of components — storage, retrieval, 
comparison* and* transformation — may be involved in a large number of 
tasks that collectively have been called tests of spatial ability. We 
were able, here to achieve a reasonably good accounting of subjects* 
visual problem solving behavior through various mixtures of this small 
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set of basic at>mponents. 




For simplicityf ue have 'used terjninology suggesting that ^causality 
runs from aptitudes to strategies^ But the entire conceptual system can 
be reversed. To the extent that the t&sk studied, here can be regarded 
as a measure of spatial visualization and memory ability, then the 
flexible strategic phenomena illuminated here can be regjirded as 
fundamenta*l constituents, not only of the expenmen'tal task* bud also of 
the reference aptitude constructs w^ith which it is coKJ'el ated. The aim 
of model ing[]^uc|\ tasks and families of tasks^ in the long run, is a 
comprehensvve tJ^*4j^ of aptitude for complex learning and problem- 
solving. Models xTfat help to d4&pict this complexity deserve nor^ 
intensive investigation, and soon. As Snow (1981) saw it: 

Our work in this^ direction is progressing, but slowly. . . . 
models of particul a^'' tests are elaborated to include performance 
programs for other delated tests. The . . approach * . . 
outlined here is used to g^ide theory construction for families of 
related tests. We expect th^t task complexity, the degree to which 
a 'test shows variance*^ components attributable ^-to [general 
intelligence], can be interpreted in terms of the nUT.b^ and kinds 
of processing steps assembled into the performance program, and the 
degree to which th'ese steps require flexible control and reassembly 
as the test or task proceeds. (p. 357.) f 
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Appendix A ' 
SfrafegyShiff hotels 



^ 4s an example d'f sequence-shifting* consider a case in which the 
task requires comparing two figures** an A aod a B figure. Assume that 
the^ subject has two strategic possibilities. Strategy 1 requires 
encoding A and then comparing features of A to corresponding fea-tures of 
5,. Strategy 2 works in the opposite sequence, encoding G and then 
comparing it to A, Assume further that encoding time is a 1/near 
function of the number of features in the to-be-encod^d figure* and 

^comparison time is a 1 inoar' function of the number of matches FeTweelT 
the corresponding features of the two figures. The regression model in 
this example would be: 

RT = 61X1 + 62X2 + c, . . - ^ (1) 



where RT is the total item response time, XI is the number -of features 
in- the to-be-encoded figure, X2 is the number of features in the to-be- 
compared figure that match corresponding fecitures in the encoded figure, 
61 is the amount of time it takes to encode a single feature, 62 is the 
amount of time it takes to compare a pair of features, and c is a 
constant decision or response time,- The' latter three terms, the 6 
weights and the constant, are what must be salved for. It can seen that 
the values of XI and X2 depend on which strategy is selected and 
therefore the two strategy models will usually make different 
predictions for RT , 

A sequence^shi fX mode 1 in this example would specify that subjects 
work from A to B (i.e,, use Strategy 1) for^ some ittms and from B to A 
(I.e.* use Strategy, 2) for the remaining items. Thus, in the sequence- 
shift model, the values for XI and X2 would be identical to those in the 
mode> for Strategy 1 for some items and identical to those in the model 
for Strategy 2 ^for the remainilHg items. Of course, it is necessary 
before testing this type of sequence-shift model to determine for which 
items Strategy ' 1 might be favored and fcj^ which Strategy 2 might be 
favored. The investigator 'must determine .beforehand what objective 
characteristic"^ of the items might favor a particular strategy, or 
alternatively, collect subjective ratings frqtn independent judges of the 
liklihood of a particular strategy being employed for a particular item. 
Having done this, it is a straight forward matter ^to compare the tw^o 
possible no-shift models and the sequence-shift models for best fit 
since all models incluae the same predictor?; only the values of the 
predictor variables differentiate the models.' 

As an* example of route-shifting, consider again ^the previous 
'example of the A-B comparison task. As'sume that two qu'al itati vely 
different^ comparison operations are possible, a feature comparison 
operation (aS" above) and a holistic comparison operation in which the 
subject compares the corresponding 'features, of the two figures in 
parallel, A simple model of the hoi istiCr stategy woyld predict that 
comparison time is independent of the number of features to be compared. 
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' A route-shift model, in tfa^is example, would specify that some 
figures are compared using the feature strategy and others using the 
holistic strategy. The regression equation to describe this would be 

RT = 61X1 + 62X2 + 63X3 + c ' (2) 

where all terms are defined as in Equation 1 exc'ept ^b3f which is the 
time it takes to make one holistic compar isoVj, and X3, which is the 
number of holistic comparisons made on an item. The value of X3 would 
always be 1 if the subject always performed holistic comparisons (and 
thus the associated 63X3 term would drop into the constant). However, 
the route-shift model assumes that the subject sometimes does not 
perform the holistic comparison -and instead performs the feature 
comparison. If the subject performs feature compar i son on^n item, then 
the value of X3 for that item is 0, and the value of X2 i^P^he number of 
features compared; if the subject, performs holistic comparison, then 
the value of X3 is 1 and of X2 is 0. It san be seen that comparing the 
fit of a no-shift and a rou te-shi f t^mode 1 is not straight forward, 
because the route-shtf t-model always has more predictors than the no- 
shift model; in this case it has three predictors uhereas the no-shift 
model has only two (either the X2 or, the X3 term, bUt not both). To 
make the comparison betwe^^the twlr^t^ode 1 s , it is necessary to adjust 
for differences in the numb^p of predi&^ors using the standard 
shrinkage formula (see> e.g. Ker 1 inger d Ftedhazur, 1973). 
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Appendix B 
Tabic B1 



ttodQi Fits Encoding 



subject 



/ 



PE 
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(7) 


(4) 


('5) 
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4 
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43 
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7 


/ 11 
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37 


39 
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09 


18» 
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12 


12 
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44 


37 
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47 
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23* 
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22 


• 17 
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15 


13 
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47 


52* 
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47 
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■ 33 
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65* 


65* 


61 , 
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52 


46 


15 


32 


49* 
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44 


49* 


47 




iV- 


51 


*53* . 


49 


45 


45 


'4.2 
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55* 
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51 
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50 


1$ 


13 
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18 


- 17 


18 


16 
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29 


45 


47* 


45 


43 


42 
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18 
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24 


26 


24 


21 
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19 
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23* 
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34 
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35 


35 
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23 
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. 36 
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28 
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28 


26 


26 


1 1 


31* 


31 


27 


30 


31 


29 


27 


21 


25 ' 
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28 


*29* 


28 
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28 
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28 


32* 


31 


28 


29 


26 


37* 


33 


33 


33 


31 


30 


30 ' 


05 


31 


35* 


35 


33 


33 


22 
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Note. Decimals in values omitted. Asterisks (*) indicate 

highest row value, after being adjusted for number of predictors .(using 
shrinkage formula); ties occurred when adjusted values differed by 
less than .005. In parentheses are number of model predictors;^ each 
model also includes 7 predictors for practice ^ffccts (PE = practice 
effects) . 
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Table B2 



Model Fits for Consirucf ion 



PE C-I C-II C-III C-IVa C-IVb C-Va CSVb C-VIa C-VIb 
subject (7) (12) (8) (13)- (13) (13) (13) (13) (13) _LU) 



12 
13 
14 
15 
16 
17 
18 
19. 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 



05 
20 
02 
07 
11 
04 
07 
04 
21 
25 
OS 
07 
11 
16 



67 
52 
36 
.50 
*51 
48 
51 
52 
52 
66 
50 
45 
65 
62 



27 ^61* 
11 57 



31 
16 
08 
12 
18 
12 
15 
23 
19 
14 
05 
12 
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56* 
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35 
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58 

53 

68 

67 

47* 

60 

54 

49 • 

59 

68 



38 
41 

33 
36 
39 
32 
34 
43 
41 
52 
40 
40 
43 
46 
52 
40 
49 
37 
36 
35 
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45 
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29 
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50 

47 
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40 

61 

49 

52 
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45 

35 

45 

45 

41 

46 

48 

52 

57 

43 
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60 

52 

56 

47 
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38 

44 

53 

48 

59 
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43 

61 

53 

52 
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73 
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44 
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55 
53 
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56* 
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47* 
61 
55* 
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64* 
70 



56 
44 
35 
47 
45 
45 
53' 

52 

63 

48 

44 

61 

52 

60 

50 

55 

50 

40* 

46 

52 

51 

63 

66 

45 
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54 

49 

63 
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43 
59 
57 
SA 
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55* 
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67 
53* 
44 
72. 
67* 
60 
58 
54 
50 
35 
51* 
57 
55 
74 
71 
46 
61 
55* 
52 
64* 
72* 



74* 
53 
44* 
59 
60* 
55* 
55 
55* 
55* 
67 
52 
44 
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66 
58; 
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55 
49 • 
35 
49 
59* 
55 
73 
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46 
61 

i4 

53* 

63 
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Note. -Decimals 
highest row value, 
shrinkage formula); 
less than .005. 
model also inpludes 
effects) . 
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in R}- value? omitted. Asterisks *^"t^ indicate 
after being adjusted for number of predictors (using 

ties occurred when adjusted values differed by 
In parentheses are numberlof model predictors; each 
7 predictors for practice effects (PE = practice. 
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Appendix B (cent.) 
table B3 



hodel Fifs for Comparison 

P£ M-Ia M-Ib M-IIa M-IIb M-Iir^ M-IIIb 
subject. (4) (4) (5) (1) (1) (5) (5> 



1 
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4 
5 

7 
8 
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10 

n 
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43 
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46 
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48 


35 
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44 


41 


41 


41 
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39 
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28* 




27 


25 
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24 


22 


33 
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34* 


30 


12 


18 


22 


51 
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51 


53* 


52 
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43* 
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32 


33 


34 
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33 


43* 


43* 


43* 
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45 
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44 


44 


44 
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34 
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38 . 
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43* 


41 . 
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21 


25 


19 


21 


21 


27*'"" 
4 4\ 


01 • 


16 
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to 


11 


14 



Note. Decimals in values omiti^. Asterisks (*) indicate 

highest row value* after be i^j^ad justed for number of predi-ctors (using 
shrinkage formula); ties occurred when adjusted values differed by 
less than *005. In parentheses ari number of model predictors; each 
model ^also includes 4 predictors ^for (practice effects (PE - practice. 
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Appendix 8 (qont*. ) 
•Tabic b4 






Predictors 


for Tcfsk Step ttodeis 


node] 


« 1 ' 


Predf'ctors . , 


Encoding 




feature-analysis 


V 

'^Komplexity of /1'figure (4). 


E-II 


decomposition . , 


-sum of complexity values f or ^ 






each decomposed unit (4). 






-number of units (1). 


E-III 


labeling 


-rated ^ :ib^^^\^iiTjy (1). 







/^onstffuci, i on 



all models 



•complexity of retrieved iA) 

figure (4^. 
-complexity of -stored unit(s) (4). 
-complexity of dissolved sides (4) 

(riot applicable to C-JI). 
-nUmber of evaluations (1) 

(not applicable to C-1 , C-II). 



Comparison 



f eature-compari son 



M-II unit-comparison 
j M-III f eatur^-uni t-comparlson 



-complexity of test probe (4) 
-quick-reject (1) (M-Ib only) 
-number of units compared (1) 
-complexity of test probe (4) 
-n'umber of' uni ts compared (1) 



NofQ. In parentheses are number of predictors associated with 
the entry?/^complexi actual 1 y 'consi sts of four predictors: nurtiber of 
•sides^ number of different side lengths, number of different angle/ 
sizeSf and number of difrfe^^ant orientations. 
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